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The production of the /r(1285) resonance in the reaction of K~p /i(1285)A is studied within 
an effective Lagrangian approach. The production process is described by the t channel meson 
exchange. My theoretical approach is based on the results of chiral unitary theory where the fi (1285) 
resonance is dynamically generated from the single channel KK* — c.c. interaction. The total and 
differential cross sections of the K~p —>■ /i(1285)A reaction are evaluated. Within the coupling 
constant of the /i(1285) to KK* channel obtained from the chiral unitary theory and a cut off 
parameter Ac ~ 1.5 GeV in the form factors, the experimental measurement can be reproduced. 
This production process would provide further evidence for the KK* — c.c. nature of the /i(1285) 
state. 

PACS numbers: 


I. INTRODUCTION 

The /i(1285) meson was discovered in the 1960s [IH3 
as a bump in the ttKK mass distribution in pp annihi¬ 
lations and in the reaction of 'K~p —>■ mrKK. Its quan¬ 
tum numbers have been quite well established, thus, it 
is now an axial-vector state with [/‘^(J^^) = 0+(l'''+)] 
and mass Mf„ = 1281.9 ± 0.5 MeV and total decay 
width T/j = 24.2 ± 1.1 MeV [^. Within quark mod¬ 
els, it is described as a qq state, while the recent studies 
of Refs, [i, 0 have shown that in addition to the well- 
established quark model picture, the /i(1285) resonance 
can also be understood as a dynamically generated state 
made from the single channel KK* — c.c. interaction us¬ 
ing the chiral unitary approach. The /i(1285) resonance 
cannot couple to other pseudoscalar-vector channels be¬ 
cause it has positive G parity, and it cannot decay into 
two pseudoscalar mesons (in principle KK in this case) 
for parity and angular momentum conservation reasons. 
Furthermore, the /i(1285) resonance is located below the 
KK* threshold, hence its observation in two-body decays 
is very difficult. Indeed, the main decay channels of the 
/i(1285) resonance are 47r (branching ratio = 33%), ipKir 
(52%), and nKK (9%). 

In Ref. Q, the work of Ref. a on the pseudoscalar- 
vector interaction was extended to include the higher or¬ 
der terms in the Lagrangian, and it was shown that the 
effect of the higher order terms is negligible. The inclu¬ 
sion of the higher-order kernel does not change the results 
obtained in Ref. a in. any significant way, and thus, it 
lends more confidence to the molecular picture of the 
/i(1285) state. Using the dynamical picture, predictions 
for lattice simulations in finite volume have been done 


in Ref. Q. On the other hand, the three-body decays 
of /i(1285) —>■ 777r°7r° and /i(1285) —>■ ttKK were stud¬ 
ied using the picture that the /i(1285) is dynamically 
generated from the single channel KK* — c.c. interac¬ 
tion in Refs. Elm , where the theoretical calculations 
are compatible with the experimental measurements. In 
Ref. [H , the role of the /i(1285) resonance in the decays 
of J/ip ^ (j)KK* and J/if ^ (^/i(1285) was investigated. 

On the experimental side, the production and decay 
of the /i(1285) resonance have been studied in the re¬ 
action of K~p —>■ /i0285)A at an incident K~ mo¬ 
mentum of 4.2 GeV [1^. The total cross section for 
this reaction is 11 ± 3 /ib at ppc- = 4.2 GeV. Later, 
in Refs. the production of /i(1285) resonance 

in the decays of J/ip —>■ 0/i(1285) —>■ ^2(7r+7r“) and 
J/V’ —t (/</i(1285) —>■ (/)777r+7r“ were studied by the DM2 
Gollaboration 

The KK* channel is bound for the energy of the 
/i(1285) by about 100 MeV, hence this decay is not 
observed experimentally [^. However, in this work, I 
study the production (rather than decay) of the /i(1285) 
resonance from the KK* interaction in the K~p —>■ 
/i(1285)A reaction within the effective Lagrangian ap¬ 
proach. From the perspective that the /i(1285) is gener¬ 
ated from the single channel KK* — c.c. interaction, the 
K~p -T /i (1285)A reaction is dominant by the t channel 
K*'^ exchange, and the interaction of K~ and K*'^ gen¬ 
erating the /i(1285) resonance. This process should be 
tied to the KK* — c.c. nature of the /i(1285) state. 

Before the end of this introduction, it will be helpful to 
mention that, based on phenomenological Lagrangians, 
only the tree-level diagram contributions are considered, 
in which the re-summation of the Born amplitudes are 


^ It was assumed that the signal observed in the TjTr+Tr invariant 
‘Electronic address: xiejujun@impcas.ac.cn mass distribution at 1297 MeV is the /i(1285) resonance. 
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not taken into account. However, the model can give a 
reasonable description of the experimental measurement 
in the considered energy region. Meanwhile, the present 
calculation offers some important clues for the mecha¬ 
nisms of the K~p —^ A/i (1285) reaction and makes a hrst 
effort to study the production of the /i(1285) resonance 
in the K~p —>■ A/i(1285) reaction. This production pro¬ 
cess would provide further evidence for the KK* — c.c. 
nature of the /i(1285) state. 

This paper is organized as follows. In Sec. HIl I discuss 
the formalism and the main ingredients of the model. In 
Sec. nni I present my main results and, finally, a short 
summary and conclusions are given in Sec. IIVI 


II. FORMALISM 

The basic tree level Feynman diagram for the K~p —>■ 
/i (1285)A reaction is depicted in Fig.[Tl where the t chan¬ 
nel K*^ exchange is considered. In this work, the contri¬ 
butions from s and u channels are ignored, because the 
information about the AA/i(I285) and A*A/i(1285) ver¬ 
tices in the s channel and A^A/i(I285) and A*A/i(1285) 
vertices in the u channel is scarce. 


Pi f n OQc;\ 

K- - ^ 0 ^ -/i(1285) 

K*+ \q 

P -►- • -►-A 

P2 Pa 

FIG. 1: Feynman diagram for the K~p —^ /i (1285)A reaction. 
It consists of t channel K*'^ exchange. In this diagram, we 
also show the definition of the kinematical (pi, p 2 , pa, pr) 
variables that we used in the present calculation. In addition, 
we use g = P3 — Pi = P 2 — P4. 


To compute the contribution of the diagram shown in 
Fig. [II I need the effective interaction of the ApK*~^ ver¬ 
tex, which i s g iven in terms of the interaction Lagrangian 
density by [l^ llll : 

^ANK» = —gANK^Ml^ - 7 - cr^'' dv)K* N 

ruA + mp ^ 

-bh.c., ( 1 ) 

which consists of a vector part with 7 ^ and a tensor part 
with cr^^. Within SU{3) flavor symmetry, the value of 
the coupling constant, gANK* = —6.41, is obtained from 
the relationship gANK* = —QNNnil -b asEv)/'/^ with 
gNNp = 3.36 and olbbv — 1-15 I take kk* = 

2.77 which is obtained from kk» = 1.5Kp/(l -I- 2aBBv) 
with Kp = 6.1 [Tsl - I^ . 

In addition to the ANK* vertex, I need also the in¬ 
teraction of the KK*fi(1285) vertex. As mentioned 


before, in the chiral unitary approach of Ref. Q, the 
/i (1285) resonance results as dynamically generated from 
the interaction of KK* — c.c.. One can write down the 
K~K*~^fi{1285) vertex of fig. [1] as, 

V = -\ghe>^{K*)e;{fi), ( 2 ) 

where £^{K*) is the polarization vector of the K*~^ and 
Sp{fi) is the polarization vector of the /i(1285) reso¬ 
nance. The factor — ^ in Eq. m is due to the fact that 
the /i(1285) resonance couples to the I = 0, C = +1 
and G = -|-1 combination of K and K* mesons, which is 
represented by the state 

-^{KK* - KK*) = -Uk-K*+ + K^K*° 
y2 2 

-K+K*- - K°K*°), (3) 

where I have taken C\K* >= —\K* >, which is consis¬ 
tent with the standard chiral Lagrangians. 

The coupling gf^ of the .fi (1285) resonance to the KK* 
channel was obtained in Refs. [3, [HI from the residue in 
the pole of the scattering amplitude for KK* —>■ KK* in 
1 = 0. In the present calculation, I take 5/i = 7555 MeV 
as used in Ref. [HI- 

With the effective interaction Lagrangian density for 
the ANK* vertex and the Ar“Ar*+/i(1285) interaction 
shown in Eq. one can easily construct the invari¬ 
ant scattering amplitude for the reaction of K~p -A- 
/i(1285)A as. 


M 


ghgANK^ , , 

‘ r, “IW, 


7m' 


kk- 


TOA -b rUp 

u{p 2 ,Sp)G'^, {q)s^{p3, s/i)Fi {q)F 2 {q) 





where sa, Sp, and are the spin polarization variables 
for the A, proton, and /i(1285) resonance, respectively. 
The is the K* meson propagator with the form as. 





-ml-. 


( 5 ) 


with niK* the mass of the exchanged meson. I take 
rriK* = 891.66 MeV in the present calculation. 

Finally, because the hadrons are not point-like parti¬ 
cles and the exchanged K*^ meson is off mass shell, one 
needs to include the form factors, Fi{q) and ^ 2 ( 9 ) in 
Eq. (jH), where Fi{q) is for the ANK* vertex and ^ 2 ( 9 ) is 
for the iF“Ar*+/i(1285) vertex. To minimize the num¬ 
ber of free parameters, one can choose the same form for 
Fi{q) and F 2 {q). I adopt here the common scheme used 
in many previous works [Tbl - I^ : 

This form has advantages and disadvantages because 
(A? — m|-, )^ will be small and cut much if Ac is not 
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far from the rriK* ■ Actually, the value of Ac can be di¬ 
rectly related to the hadron size. But, the question of 
hadron size is still very open, one has to adjust Ac to fit 
the related experimental data. Empirically the cutoff pa¬ 
rameter Ac should be at least a few hundred MeV larger 
than the K* mass, hence, one can constrain it in the 
range of 1.3 to 1.7 GeV as used in previous works [Iii3 
for other reactions. 

In the present model, the final state interaction (ESI) 
is not considered because it is difficult to treat the ESI 
unambiguously due to the lack of the accurate /i (1285) A 
interaction. This ESI effect would give the near threshold 
enhancement in the total cross section. In this work, I 
do not take this ESI into account since this estimation is 
rough thus it would cause uncertainty in the model. 

Then the calculation of the invariant scattering am¬ 
plitude square \M.\^ and the cross section a{K~p —>• 
/i (1285)A) is straightforward. The differential cross sec¬ 
tion for K~p —>■ /i(1285)A at center of mass (c.m.) frame 
can be expressed as 


da 


dcos{6) 327rIE^ \p 


' 4i: E I. (^) 


Sp SA,Sf^ 


where W is the invariant mass of the K~p system, 
whereas, 6 denotes the scattering angle of the outgo¬ 
ing /i(1285) resonance relative to beam direction in the 
c.m. frame. In the above equation, pi and p^ are the 3- 
momenta of the initial K~ meson and the final /i(1285) 
mesons. 


\Pi\ = 
\P3\ = 


A^/^(IV^,TO^_,mp 

(8) 

2IV 


(9) 

2W 


where \{x,y,z) is the Kahlen or triangle function. The 
rriK-, rrip, and uia are the masses of the K~ meson, 
proton, and A, respectively. I take = 493.68 MeV, 
nip = 938.27 MeV, and toa = 1115.68 MeV. 

In the effective Lagrangian approach, the sum over 
polarizations and the Dirac spinors can be easily done 
thanks to 






U y 

P 3 P 3 

^/V 


'^u{p2,Sp)u{p2,Sp) = - 


■ rUr, 


2m„ 


SA 

Finally, I get 
1 


^u(p4,sa)'u(p4,sa) = ' 


( 10 ) 

( 11 ) 

( 12 ) 


£Ei^i^ = 




Sp SA,S/i 


SnipruAiq^ — m\,Y 


M y 

P 3 P 3 


Tr + mA)Tp(:^^ + mp)T,{-g>^'' + ,(13) 


Vi 


with 

r„ 


\ ' 
= iti + 
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K* 


Toa -b TO. 


-9ii 
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■p 
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-(14) 


III. NUMERICAL RESULTS AND DISCUSSION 

With the formalism and ingredients given above, the 
total cross section versus the invariant mass (W) ^ of 
the K~p system for the K~p —>■ /i (1285)A reaction is 
evaluated. The results for W from the reaction thresh¬ 
old to 5.0 GeV are shown in Fig. [5] together with the 
experimental data [l^ for comparison. In Fig. [2l the 
dashed and solid curves represent the theoretical results 
obtained with Ac = 1.3 and 1.7 GeV, respectively. One 
can see that the experimental data can be reproduced 
with a reasonable value of the cut off parameter Ac. Be¬ 
sides, the calculated cross section is sensitive to the value 
of cutoff parameter used in the form factors. The ob¬ 
tained results for the total cross section cr at VE = 3.01 
GeV are 2.1 ph and 50.5 ^b with Ac = 1.3 and 1.7 GeV, 
respectively. To have a reliable prediction for the cross 
section for the reaction K~p —>• /i (1285)A thus requires 
a good knowledge of the form factors. More and accurate 
experimental data can be used to constraint the value of 
the cut off parameter. 



W (GeV) 


FIG. 2: Total cross section for the K~p —^ /i(1285)A reaction 
as a function of the invariant mass W. The experimental data 
are taken from Ref. [l^], which can be well reproduced if I take 
Ac = 1.46 GeV. 


^ The W can be evaluated from the incident K momentum, 
Pl^- with the relation = (pi + p-i)^ = -b rUp -t 
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On the other hand, since there is only one available 
experimental datum, one will always reproduce the ex¬ 
perimental data, cr = 11 ± 3 /ib at bh = 3.01 GeV, by 
adjusting the cut off parameter Ac with a fixed coupling 
gfi = 7555 MeV. Indeed, if one chooses Ac = 1.46 GeV, 
a = 10.9 /rb can be obtained at W = 3.01 GeV. 

In addition to the total cross section, I calculate also 
the differential cross section for the K~p —>■ /i (1285)A 
reaction as a function of cos(d) at different energies, i.e. 
W — 3.0, 4.0, and 5.0 GeV. The theoretical results are 
shown in Fig. [3] Since I have considered the contribu¬ 
tions from only the t channel A'*+ exchange which will 
give dominant contributions at the forward angle, the dif¬ 
ferential cross sections have strong diffractive behavior, 
and it is stronger when the energies are increased. These 
distributions can be measured by experiment at corre¬ 
sponding energies. It should be pointed out that, if there 
are contributions from s and u channels, they will cause 
nondiffractive effects at off-forward angles which can be 
measured directly. 



cos(0) 

FIG. 3: (Color online) The K~p /i (1285)A differential 
cross sections at different energies. The red, green, and blue 
curves are obtained at IT = 3.0, 4.0, and 5.0 GeV, while the 
dashed and solid curves are obtained with Ac = 1.3 and 1.7 
GeV, respectively. 

In brief, either a detailed scan of the total cross section 
or the angular distributions for the reaction of K~p —>■ 
/i(1285)A will test the model calculation, and will give 
more valuable information about the mechanism of this 


reaction. Note that if there were contributions from the 
s channel terms, there will be a clear bump (or peak) in 
the total cross section. Indeed, in Ref. [l^ it was claimed 
that they found also some backward contributions to the 
K~p —^ /i (1285)A reaction. However, the limited exper¬ 
imental data of Ref. [T^ were obtained in the 1970s and 
only a few signal events were observed. The future ex¬ 
perimental observation of the total and differential cross 
sections would provide very valuable information on the 
reaction mechanism of K~p —>■ /i (1285)A. 

IV. SUMMARY 

In summary, the production of the /i(1285) resonance 
in the K~p —^ /i (1285)A reaction is studied within 
an effective Lagrangian approach. The production pro¬ 
cess is described by the t channel K*~^ meson exchange, 
while the coupling constant of /i(1285) to K~K*~^ is 
adopted from the results of chiral unitary theory where 
the /i(1285) resonance is dynamically generated from the 
single channel KK* — c.c. interaction. The total and dif¬ 
ferential cross sections are calculated which can be tested 
by future experiments. Note that the theoretical results 
have a strong dependence on the cutoff parameter Ac in 
the form factors. To have a reliable prediction for the 
cross section we need a good knowledge of the form fac¬ 
tors. 

Finally, I would like to stress that, thanks to the im¬ 
portant role played by the t channel K*'^ exchange in the 
K~p —>■ /i (1285)A reaction, one can reproduce the avail¬ 
able experimental data with a reasonable value of the 
cut off parameter in the form factors. More and accurate 
data for this reaction will provide more valuable infor¬ 
mation on the reaction mechanism of K~p —>■ /i(1285)A 
reaction and can be used to test the model calculation 
which should be tied to the KK* — c.c. nature of the 
/i(1285) state. This work constitutes a first step in this 
direction. 
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